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ll.f lulluwii. K ;.,„•« . I .. ,..„ ;|„ ui.„|y tl,-.,,il,o aixl .isriTl.il..> Ilu- 

o f ,.iliis invention and tl..- . :i ,ii..u r in wlii. h n , s to be performed: 

... •' ^ I,- .- - - 



n.it ure 




Gametocytocidal Agent . 



This invention relates to the use of w - 
1 Cne use of primaquine derivative 

" (3 - s thylidinotetrahydrofuran-2-one) -N*- , 6 m ^ K 
4 . Dent; , n ' • (6 - met hoxy-8-quinolinyl)-i, 

Pentanediamine as gametocytocidal agent Mo*-. , 
invention relates to the use of pri this 

•m use of primaquine derivative N*-tl .hk.-i j- 
note t rahydrofuran-2-o„e)-^-, 6 m „ rh . "-.thylxdi 
ia-nineoff , «— ""V-S-quinoUnvl) -1.4-pent.ned- 

-1^.1 1 9iV *" b " OW USefUl *- "—*»■» «- ™ « 

^-- t3hi5httovslnsi< ^tocvtocida, 

gent. The primaquine derivative of th- ™ J 
rtam * the P re sent invention does not 

damage either normal or G-6PD h^f • 

oi G 6PD def icient erythrocytes to the extent J a s 
is observed with the use of nr-i • extent as 

uue use of primaquine. 



MeO 



HN ?H3 

CH 2 -CH-CH 2 -CH 2 -CH 2 -N 

H 



-co rdlng to an estimati . Qn ^ ^ 9o , s _ ^ cQ 

r ^ deVSl ° P — o» and one mill ion die o £ 

J!" T 8 " 10 " eaC " yMr ' India iS — ^ *- countries to 

and requi ,_ nt tQ h _ therapeucicany Mte -. 





,p e ,ially which bl.ck transmission of malaria through the 
,nd;viduals visiting endemic regions for multiple use. A recent 
report of resurgence of malaria after a long gap of 40 years from 
Italy through the t ransnu ss i on . highlights our concern [The 
Lancet, 350, 717 (1997)] 

Malaria as caused by infection with any of the four species 
of Pl* smod i a . The life cycle of pJasinod . a . g ^ 

comprises a sexual phase (called sporogony, in the mosquito (a 
vector) and an asexual division (called schizogony, in human. The 
Hfe cycle starts after injection of sporozoites by the bite of 
an infected female anopheline mosquito. Sporozoites then rapidly 
enter into liver parenchymal cells where they undergo 
^erythrocytic schizogony forming primary exoerythrocytic stage 
or tissue schizonts which mature and release thousands of 
merozoites in the bloodstream upon the rupture of infected cell. 
Some of these merozoites enter erythrocytes where they transform 
into trophozoites and schizonts. The mature schizonts rupture and 
release merozoites into the circulation which can infect other 
erythrocytes. This is termed the asexual schizogony (erythrocytic 
cycle) and it is this periodic release of merozoites which is 
responsible for characteristic periodicity of the fever in 
malaria. After several erythrocytic cycles, some erythrocytic 
forms differentiate into sexual forms called gaznetocytes. In p. 
vivax and p. ovale infectionS( SQme Qf ^ gporozoiteg after 
entering the liver cells are known to remain dormant and form the 
latent tissue stage called hyp no2oites . These hypnozoites upon 
activation develop secondary tissue schizonts which are 
responsible for :.,,rrence of malaria called relapsing malaria. 



:he ,-a m ino qU!noli „- .,„ eim .,„ lal drugs of „ hich primaguine « pQ) 
«• of e xcep tional importance, have been demonstrated to possess 
a9ainSC S ° VFral »'-cyel. stages of the parasite. These 
are active against the primary tissue schists, thus 
functioning as causal -prophylactic agents, against the secondry 
^erythrocytic forms, thus curing reusing forms of maiaria. 

ine transmission of malar^ ^- 

malarxa as dascussed earlier is through the 

injection of sporozoites by the bite of 

y cne bite of mosquito. These 

sporozoites" develoD in t-u~ ~ 

eiop in the mosq U1 to feeding on an individual 

earring maC ure gametocytes. The male and female gametocytes upon 
ingestion b y a femaie anopheline mo Sq uito fertile and transform 
into zygote and ookinete staces Th. 

t39es - The ookinetes pierce the 
epithelium of the midgut where it rounds up into the oocyst A 
singie oocyst contains as many as XO.000 sporo.oites. Pri ma q uine 
has no sporontocidal activity when provided directly to the 
-sects out has strong gametocytocidal activity and even stops 
transmission of resistant isolates when mos q uitoes are fed on 
—ted blo od from prima q ui„e treated animals. Thus prim a q uine 
« a strong transmission Mocking agent. However. prima q ui„e 

even being associated with r»rii,- a i 

" h radlcal curative and gametocytocidal 
acuities is not in use as a prophylactic agent. 

The practical problems associated with use of e 
-inoguinolines are mainly related to their toxicity -because of 
Pronged use in radica! treatment retired due to the fast 
-abolism of the drug.-prima.uine is known to induce hem ol ytic 
'"7 in PaCiCnCS SU "" in ^ ^ • ^"ciency in glucose- 6 - 

Z - de '-— . a genetic condition common 

inhabits. . f the region . in „ hic „ ^ 



'l 



$ # 

• ^' aeria " 3 C ° mm0 " ™«cio„ of hemolysis. Primaquine 

HKe O-quxnone and n-m,i • • 

u P quinonimine 

-v:nctionalicies wJiich because of their oxiri^ 

eir ox idative nature, oxidize 
saturated fatty acid of erythrocytes _ . 

—a <^ oiooa Cell 

-c, lysls . The reduced glucatlUone (gsh) Mntrois c ^ 

oxidative metabolites and the level of GSH i = • 

f.'ADPH controlled GSSG „ ■ stained through 

GSSG reduction. NADPH i. regulated by G-6PD and 
nee G- 6PD decent patient, are .ore llable to RBC lysis 
pri^ouine is the only anc imalarial ^ which ± 

^eiopment of parage b y interfering aC the several stages o£ 

parasite life-cycle and therefore an h , 

nererore an ideal molecule for 

— tural modification to provide a molecule with radical 
curative and gametocytocidal activities with low toxicity. Tf ,e 
of the fate of primaquine, its metrites and toxic 
™u -station in re la tion with metabolites win therefore. guide 

^e direction of changes in the new molecuie A brief di, 

- AC - M oriet discussion 

primaquine metabolism is mentioned here. 

blowing oral administration of ladled primaquine it was 
that „ % of che radioactlvity _ ^ ^ tis _ 

and 22% in the iung, adrenal, spleen. Kidney, heart. blood and 
Pancreas while 25% reached intQ ^ ^ 

airly wen absorbed and Qnly , ^ ^ 

the plasma. 

F rim aquine metabolism occurs at two sites of the molecule . 
one in the aromatic region at s an j c 

9 C 5 and 6 -POSitions and the other al- 

,rln ' :ai; - /: ^ -taboiic pathway leads to 

™ ' 3rmati ° n ° E 5 -^oxy P rim a quine <S-„P Q . „, 5 .„ xdro , y . 

a-m_th/l primaquine fi-HDPO 4) ti,« 

hdpq, 4 ). The second pathway originally 



0bSerV6d *" ^ — organisms, affects ch ^ 8 

amxnoalky.l chain and . 8 " N - 

ar-- 1 • results in the formation • 

and desam.no carboxylic acid ( 12) The 

carboxylic acid ■ ' The 

y c acid derivative (12) i s f-h~ 

• P^ iM in th . human plasma . — — of 

Strother et ai identified metabolites f rom , h 
Primaquine treated dogs as 5 h ri ""^ °' 

methylbutvlam- , ''^^-S-^hoxy-a- (4-amino-l- 

i-nyit3utylamino)quinoline (3) ' , 

methylbut-vi ^»n„ » nyaroxy-8- (4 -amino- 1- 

n/ltoutylamino)quinoline (9) and k c 
-ethylbutylamin , • ^-dihydroxy-e- <4-amino-l- 

/iDutylamino)quinoline ( 4 ) [ A st-^v, 
of 8-aminoquinoT brother, et ai . ^Metabolism 

•ninoquinolme antimalarial agents- Bull „ 4 
Health Oroani, . • ' BUlletin of World 

Organization, 59, 413-425 (1981) 1 zv 
derivatives of 1,J " Am ° n9 ""^alkylated 

ve * of primaquine metabolites were id^ • * • . 

methoxy-8-aminoquinoline (l0) [JD 

identification of 6meth ^ " " The 

P—^in. in I/ B I: 8 ~ amin0qUin ° line - * — — of 
and H3.e^,^ 1 ^ | j 

Pr-aq i ne a ^ " ^ "< «" — - 

.oJ: of hro T tlflCati0n ^ 3 - Mammal i an Metabolite- 

— lite ^TT' 230 ' 69 " 7 — * - -or 

— fied as tr ycl r S '^^^^.^ 
— -m of I qUln ° nimine - et ai, 

qUlnS bY Varl ^ s Animal Species- in 
Primaquine : Pharmacokinetics Met ,H , • 

- «».«. **„ Wile ;; :;r ' — - — 

^:;;rt;: - ao biood ~«— — . wherea , its 

- »». -ttle. two 5.-0H derivative {3 and .. 4) 



i 



***** 4 " 1Ve - Tho «>« lack the side chain at 8 

haV ° "' erely substituents 10. n have no 

significant activity. 

in mar* contrast is the observation that the deaIkylated 

Mn,atlVeS " " ld " " e «*n ««lr tissue schizontocidal effect 
They are 2-3 times more active than primaquine. 

The direct sporontocidal activity of PQ and of these 
Putative metabolites is poor a 3 ainst the oocysts development when 

mOSqUiC ° eS " e ^ °" »-ted animals that suppXy the 

gametocytes. Primaquine is quite inactive 

4 inactive as sporontocide when 

given directly to the insect h,,t. • 

e insect, but is very potent gametocytocidal 

aaenf 



agent 

The 



5 -hydroxy derivative ,4, of desmetnyX primaquine 
W ° nly 3 SU9 " C — X-cidal activity. Oemetnyl primaquine 
and 5-hydroxy ,3, and carboxyXic acid (M) metabolites of PQ 
are aXl inactive. Of P articuXar interest is the observation that 
<"o of the quinolines io and » with unsubstituted -„„ 2 group on 
e-position are directly sporontocidal . t „. Petersen al "The 
activity of primaquine and its possible metabolites against 
-dent malaria. Primaquine . Ph_co.in.tic,. MetahoXi.m. 
Toxicity and Activity pp 93 . 101 John ^ & ^ 

T-icity of Primaquine and its MetaboXit.s , Primaquine (S) 

itself appears to have little 

nave little oxidant activity even when 

—bated with c- 6PD de£i cie nt erythrocytes [I. M . Fraser „ al 

'" tCtS ° f DrU3 * ^ °^ Metabolite, on Erythrocytes/from 
-max and Glucose-6-phosphate Deydrogenase Deficient 
-iMduais.. Anna i s o£ ^ o£ _ 1M . . 

" (1?68 ' J ' WherM " 5 - hydr ° X VP^-quine ,3) and S. e-dihydroxyle- 



amin -quinol 



« „/ ^ ° £ 9lu t . t hio« (GS „, (K . A . 



Pharnacology of Pri and Biochemical 

nave significant activity with 

normal erythrocytes The ■ „ glucose -starved 

7 °' The oxidative metabolite of ^ • 

produced by one e ,. . te ° f P ri ">aquine is 

^ =-hy dr ox y - desmethyl primaquine 

compound (8) produced ««» •«« the blue 

-Poun d „ as less 1 " d Prl — * «> • However. the blue 

Primaquine by v . Strother et al . ~ Me taboli sm of 

*y various Animal Species' H 
Pharmacokinetics, Metahn1 . Primaquine: 

The carboxylic acid M 2 > a 

ia (12 ' a major metabolite 
circulatinq in n l« u 9 lte of Primaquine 

- -~ alth : 9 t ;°:rr si9nmcacniy - - — 

againsc sp „ rn , oiti- . ^ " e at 3 - 16 "BA3X3 



(radical 



na 
S.K. 



• r :rat Ve) aCt ^ 1 "--' " 1 '"^ * 7 ciays. (G.P. Dutta . S . K ^ 

VC ' Pande/ ' ^ Selh ' AP " S-K. Chatter je e. CP. Astha ' 

*.«.d K.O Gupta, Tropical Disease, 286 ( 1998); G . p . g ^ 

— . A. P. Bhaduri and M. Seth, Am. J. . Trop . Med. Hyg. 41, 535 
(1989; . in the derivative, primaquine is substitute , t p ^- rv 
a mi no functionality. 

Tnus from above survay it ^ obvious thac 
Possesses a„t imalaria l accivitie3 such ag bloQd schi _ tocidai> 
-sue schizontocidal and 9am eto=ytocid al „ hi=h are also 
Mhlblted ^ " S ^i™ q uine is even TOr5 active than 

; ; ■" wit -' The « t H OUgh a major 

-abolrte, is nonfunctlonal . The metafaolites q£ primaquine _ 
aiso r S spo„s iWe for its toxicUy ^ trlcyclic metaboUce , 

b ut less Coxic which cherefor ^ suggest significance 

of intact side chain. Therefore i f 

nererore, if primaquine molecule is 

-nipuiated ,t h rou gh t„e side cnain possibly toxicity ^ 
m0dUlatSd - SSCOndly »>^»^in. is absorbed and « aboIi!ei Vfiry 

" 3 «"•«><->« oxidative burst accrue very f as t 
Therefore its controlled delivery may result in less toxiciCy ' 
Th.s led us to prepar, p ri .a q uine prodrug „ f less toxic profile 

p rimaquine is oC . basic nacure with a £ree ^ funccionaiicj ; 

-«» - . point o E m eta b olis„, for inaccive metaboUte We 

"-'^ amin ° '>™«™a ty to e„a m inone and evaluated 

/ r£lCaCy f ° r 9ametocytocidal action and me the mog lo bln 

tc.Mcir.y. Enami noises arp 

dr1;v 3 functlOMl g r °"P for controlled 

J"' _1Very ° f amino drugs. An enaminone derivative of -a 
?nv.ioiogic«ll y ac.ivo amines may .well show improved transport 
031— - -^nnes and allow a high concentration of the 



i:! 'in > to be releasod c lo-*» t-« ».,'.' A 

°° e to tlle Si te of action. This funeM , 

Wow, provides r,,i, fance _ „ functional 

" Ce towacds hydrolytic cleavage at -^h- 

PH as compared to the plain • 1C 

e P 131 " enamine. We nrenaroH 

derivative l „f • Prepared enaminone 

1 ° f P—quine on two accounts. Firstly it H , „ 
slow metabo, lc d . qrada , ion c - —Id 

co.po.nd of enhance, l ipophilic ^1/^ ™^ 

- tissue, especially in the Penetrate better 

- -erefore, embarked upo Co p ^ — 

-suits of it, gamet SPare Snamin0ne dSriVatlVe 1 - 

its gametocytocidal activitv 

«• mentioned here. As alread * ^ ^° fil « 

As already mentioned at outset of 
script the search of a „ f outset of the mariu- 

•*-c r e 9ions „ here i la r curance ° £ maiaria in — 

trough vecCor cont mala " a *^ »•-» -radicated . 

9 ««or centre! methods by individual visitinc, 
regions and secondly it bloc*. Siting endemic 

y " blOEks ■•>«•< of even res istant strains 

The main object of the invention is to 
Pri«,ui„. derivative „ ithche . Prov a de a new 

with the enaminone functional! .v k ■ 
gametocytocidal activitv ^ , "lonalxLy havmg 

x V1EV and low toxicihv 
blocker. Uy for use as transmission 

2. Another obiect of • ' 

— ative fo f 1 - . lnVen " 0n " ^ P — * ouine . 

3 Anotn CaC11 " aCl "9 controlled deiivery of amino drugs 

-> • Another object of t-h= • y3, 

lnVen " 0n iS t0 - Prima.uine 

Sl °" -".^^ ^gradation through the side 
enam modification. - :~ * de 

s • Another obi^r or . : : % . • 

~ oC the invention is to nrovirf* 
Privative wit-h Provade a primaquine 

e With ?n*nunone functional „ 

unctional group providing resistance 



pir as compared to the plain 



awards hyd^Lytic c.lo.nvage at acidic p^, 
enam : ne . 

? - /n ° ther ° hi * rt ° f *"™«°n is to provide a primaquine 

derivative of enhance! lipophilic character to facilitate better 
penetration in the tissue especially in the liver where 

nypnozoites reside. 

«• Another object of the invention is to provide a primaquine 
derivative having h igh therapeutic index ratio in terms of 
methaemoglobimia formation. 

7. Another object of the invention is to provide for a primaquine 
derivative which causes the oxidation of glutathione (GSH) to the 

lesser extent. 

8. mother object of the invention is to provide a process for 
the preparation of the novel derivative of formula 1. 



Accordingly, the mention provides a new use of primaquine 
derivative of the formula 1 shown below with the enaminone func- 
tionality having gametocytocidal activity and low toxicity for 
use as transmission blocker. 

MeCX 




CH 2 — CH-CH 2 — CH 2 — CH 2 -N 




1 cr 

In an embodiment, the invention provides the use of pri 

uine derivati 



prxma- 

ve -or facilitating controlled delivery of amino 



-n yet anot:,. embodiment , the invention further 



provides 



9 h ° Slde chai " modification. 

In a. further embodiment the in . • 

the invention providp^ m„ 
Primaquine derivative wieh ' the USe of 

— ce tow . r<lfl ,, d ; na 7°" e P^ dlng 

— * be ; i avins enhanced iipopMii = — « 

eccer Penetration in ch a - • 

Ano Cher embodiment ^ 

having high t - * pcims 

tnaemogXobimia forMtion . " t10 ln te ™ of — 

In another embodiment use of 
oration of glucathi ' 3 ° f P "^- Native causes 

^ ULess which comDriqpQ 
enaminone : N l_,, , ' Ses synthesis, of 

" <3 - ech >' 1 i d inotetrahydrofuran 2 on , „4 
8-quinolinyn., 4 „ , y ran 2-one) -N^- (6-methoxy- 

^' 1.4-pentanediamine. Reaction of »U ^ 
fl-bucw amino,. 6 . methoxyquinoi ^-ino-a-meth- 

tUt — ' ^ Presence of a ^ ' P " m ~ -"H 3-acetyX-,. 
«» required producc 3 baSe - "taiytic amount provide 



Me <0 ' 97 9- 3.7 mmole) freshl 
— lied 3-,c. ey ,-,., >ueyroIictone (1 . 0g , 7 . 3mmola , ^ ^ 

1^. Piperidine ,2-, drops, were stirred under 

,oom te m pera„„:„. i na „houror SQ ehe reacc ^ n mj __ 

soi.diei.a. Xhe producc ticurated ln ether ^ fiitered ee 

= - product. It Ms crystalUs€d fro „ al coholic solvenc u - 

propanol Yield n oq ™ ^ 

ueia 0,89 9. m.p. 118-120°C. ! 

Gametocytocidal Activity 

FM ^-ytocidal test, batches of 3-4 day old an 

-re allowed to feed on p _ ^ 

™n ke ys at appropriate gametocytaemia level, one hr after the 
control (pretreatment, feeding, compound ! was administered to 
" 3.75 and S .o mg/kg in a 

S1 ° 3le d ° Se ^ ° ral — '—reagent feeding of batches of 
Healthy mosquitoes was done at different ti.es (5 - 48 hr) 

Mosquitoes^ were maintained at 26 * ,<V 

at 26 ♦ i c under optimal insectary 

conditions. The infectivit y rate and the ooc ys t counts were 
recorded on da y 8. Mosquitoes were further maintained in the 
sectary to record the formation of sporo 2 oites and the absence 
of sporozoites in som e of the batches was also ensured b y inocu- 
late of mcsgu.to homogenates into naive moneys. 



Results 



The gametocytocidal activity of compound i was evalu- 
ln 1S rhesus monkeys ^ pre _ creatment ^^^^ 

"'«y resuus for these monkeys show that the oocyst number for 

o-Ee.ent batches ,„ lged from 13 .77 ±9 . S1 to 125 .77 

— ■- iercent inf«cr ivicy varied between 4? « ' .'. 

S*-:- -:ue:.c ial mosauitio r ~edinrrc; ^ ^ • 

..-edmgs on a monkey treated at 0.63 mg/kg 



'• : '~ e show ^s J gni .r ic ,-, nt ^ dur ,. . - 

■ co rre3ponding . conCro d / 24 11 — — a„ t compared tQ 

9 cont *ol feedings at -i hr q _, . 

P«..ne. o £ sporozoites thus . " baCCheS °" " Showed the 

— - aporogonic d _ lopment no - — con , PIeced 

— cme „ t shoued J k j h ; ~ — s fed at 4 . 5 hr 

marked decrease in t-K^ 
enough these oocysts » th. oocyst „ umber3( 

- Seated by tha «- cycle . 

aemonscrable in their- o t y s P° r °z°ites 

hSlr ^^vary glands. 

:::::: ;;:?;r was — - - 

a 4-5 hr as well as oa u~ 
one of the three mon , Post -treatment in 

ree m °nkeys treated at 2 so /, 
treated at 3 75 mr7 /u m 9/kg, 5/5 monkeys 

5 m9/k 9 and 3/3 monkeys treats „ e 
Moreover, the " Ba i ■ treated at 5.0 mg/kg dose. 

sal.vary g i and dissections from >u 
""led out between d ays 14 . 20 ^ . f ^ theSe itches 

^ ^ any ^ ^ -al ,l so did 

any sporozoites. The 

gametocytaemia lnV o,„ f „ Parasitaemia and 

™>1. x. Although " 6rent ^ alS ° *W in 

ou 9h the gametocytes were persistino • • 
aL + 2< hr and ,40 , u - _ , Pasting in circulation 

ir,fe« ive (or ,„ th6Se 3^tocy tes were not 

««Ph-n.i lndle . tad 

cne absence of 



Muo Kv.-h. R f . d on eh . ve f cle concrol monkey ac _ x 

*" 8 " r ' ln l ™ »' -»„o„e d consistent, high percent 
inactivity and oocyst number . n an bat(;hes 

Infectivity tests were carried out to that ^ 

- sprite devslor , n „ nt in ^^^^ batches £Qund 

- - ysts on d , y a Eollowing cheir fee(jing ^ ^ 

monke/s. Homogenates of an t « 

f 40 " 50 "°"i uit °« ««h from 11 bactches 
on gametocyte carrying trMted compQund 

i ". =-50, 3.75 and 5 . 00 ^ base/kg ^ inoculated into 
^esus monke ys . None of chese „ monkeys deveioped pacency upco 

« *y. of observations, indicating complete absence o f an y 
-able sporozoites i„ these baCches ^ ^ 

inoculations made from th.ee pre-treatment (control, batches and 
°ne post.treat.ent batch (from vehicle control, resuUed in the 
development of patent infection in three monkeys on da y 9 ' lo 



10. 

i? 

A c 



:omparison of the «,u lt o infectivity in batches fed 
P»« to drug administration and at varying intervals after 
-ministration of compound lhas shown drascic ^ 
m ° SqU1CO in '-«ivity and oocyst d ev el o P ment . This effect 
foun d to be d ose dependent as complete inhibition with 0.63 mg/kg 
^se .as obtained at +4 8 hr. with l. 25 . 2 . 50 ^ ~ t ^ far ^ 
— higher doses of 3. 75 and 5. 00 mg/kg rendered mature 
S-etocytes non-infective to mosquitoes within 4-5 hrs This 
-Pid i=cn„e of „ osquiCo in£eccivity is attributable to,: the 

gn-«tocytocidal a^-ic-n of drua rh . . 

dru 9- The persisting gametocytes 

c.eul. Jtl ng at 2 : hr post-treatment in compound 1 treated 
me.-.keys were n _ i , 

---ve to mosquitoes. Studies with primaquine 



« 0— ne d bytheir i £ 9i 

-- - - &S!J ,Me ™ 

:J £ r 48316 i 728 

30024 «^51° (M 86 '^3 9 .; 

+ 48hr 23°Io 1404 15/46 nli Ji 10 - 2 2± 6.8 

15914 109 {0 > Nil 

0/24 (0) mi 

+ 4 hr 33602 i 166 •,«•/,„ # 

^ .».. j 0/24 <o) 

,so _ lhr 8 »• . 0 M, -Ki" 

, . , -33578 144? 

*S as B f «*■' ;p k 

2.50 , . °/2l (0) Nil 

* £ r 135-164 4130 

250 »«> — Nil 

0/44 (0) , Nil** 



3 . 



3 . 75 



3 . 75 



3 . 75 



3 . 75 



5 . 00 



5 . 00 



5 . 00 



Vehicle Control 

-1 hr 
+ 24hr 
+ 48hr 
+ 72hr 



- 1 hr 
+ 4 hr 


5 5 7.18 


1296 


^ a. i J 11 


558 08 


540 


-1 hr 
+ 4 hr 


45796 


1070 


+ P 4 h r- 


2 5 8 9 4 


IT "» r- 
-> J> O 


- 1 hr 
+ 5 hr 


68320 


2318 


+ 24hr 


2 6108 


366 


- 1 hr 
+ 4 hr 


48336 


954 


+ 24 hr- 


65084 


1696 


-1 hr 
+ 5 hr 


40548 


1612 


+ 24hr 


42904 


620 


- 1 hr 
+ 5 hr 


37985 


1090 


+ 24hr 


23544 


436 


- 1 nr 
+ 5 hr 


192850 


4060 


+ 24hr 


156310 


2030 


-1 hr 
+ 5 hr 


51150 


2310 


+ 24hr 


39600 


770 



41640 
4 5480 
42939 
305037 



1320 
1680 
2925 
1672 



26/27 (96.30) 
0/25 (0) 
0/28 (0) 

15/22 (63.18) 
0/21 (0) 
0/21 (0) 

33/40 (82.50) 
0/30 (0) 
0/30 (0) 

22/22 (100.0) 
0/41 (0) 
0/27 (0) 

38/49 (77.55) 
0/31 (0) 
0/25 (0) 



22. 35+15.8 
Nil 

Nil 

22 . 00+16.3 

Nil 
Nil 

60 . 64+35 . 4 
Nil** 
Nil** 

97.09+38.2 
Nil** 

Nil** 

48. 11 + 34 .6 
Nil** 
Nil** 



29/31 (93.55) 78.17+70.2 
0/33 (0) Nil** 
0/2.6 (0) Nil** 



23/28 (82.14) 
0/26 (0) 
0/21 (0) 

27/34 (79.41) 
0/23 (0) 
0/25 (0) 



23/27 (85.19) 

30/30 (100.0) 

24/24 (100.0) 

25/28 (89.29) 



68 . 74+50 . 6 
Nil** 
Nil** 

31 . 96+23 . 8 
Nil 
Nil 



19.14+ 7.2 
32 .00 + 17.6 
39.44+23.6 
24 . 38 + 12 . 6 



Patent infection develoDed in'q'i'n ~ 7 

of 10 mosquitoes honwaen^P «„ ;.,. ?f y f. ln nai . ve ™onkeys upon inocu 
•No patency developed till d»C t£ Y ■ P lnfectiv = blood meal, 
—quite. ho m o 9 en! C e on Lfls'loS S^TZ&ftZS"" " lth 



Table II , Gam cytocidal Acfcivity ^ 
« 0 hr feeding Asqxua! ^ 



Primaquine 



l.OCmg/kg -1 hr 
+ 5 hr 
+ 24hr 
+48hr 

l.OOmg/kg -i hr 
+ 5 hr 
+24hr 
+48hr 

3.16mg/kg -i h r 
+ 5 hr 
+ 24hr 

I • 16mg/kg - 1 hr 
+ 5 hr 
+ 24hr 



36166 

28048 
15332 

42394 

26832 
12140 

29680 

23112 

16824 

21204 



1428 

526 
234 

5152 

3256 
635 

1230 
749 

1026 
670 



Day 7 oocyst record 



No. of mosqui- 
toes infec- 
ted/dissected 
(%inf eccivity) 

32/40 (80.0) 

32/44 (72.7) 

0/55 (0) 

0/40 (0) 

25/34 (72.53) 

36/46 (78.26) 

3/4S (6.67) 

0/40 (0) 

37/51 (72.55) 
0/53 (0) 
0/33 (0) 

20/47 (42.55) 
15/46 (32.61) 
0/43 (0) 



oocyst no. 
Per gut 
(Mean+SD) 



17. 13+10.0 
13.69+ 7.2 
Nil 
Nil 

37. 14+16.6 
34 . 08+14 .7 
2.17+ 1.7 
Nil 

57,59+31.0 
Nil 
Nil 

24.4 + 7.2 
2 • 6+1 . 76 
Nil 



48 hr 



72 hr 



96 hr 



50mg/kg 
Control 

lOmg/kg 
Control 

5 0mg/kg 
Control 

lOmg/kg 
Control 

50mg/kg 
Control 

50mg/kg 



15/18 

23/27 
29/36 

20/20 
19/21 

26/33 
28/34 

22/25 
23/28 



(83 .33) 

(85 . 19) 
(80.56) 

(100,0) 
(90 .48) 

(78 .79) 
(82 .35) 

(88 . 00) 
(82.14) 



25/29 (86.21) 
22/32 (68.75) 



Control ™ ', 26 < 69 - 23 > 

19/25 (76.00) 



133 .33+62 .30 

67.00+43 .58 
66.00+43 .48 

133 .20+96 .22 
124 .05+65 .85 

46. 15+36.70 
42.57+35.27 

20.36+17.81 
26.83+19.00 

27.16+20.60 
26.59+22.05 

40.33+27.38 
47.42+28.46 



Mosquitoes with 24-96 hr- ^i"^ 

from nafve monkev ,Hm^ ? oocysts were allowed to 
feeding monke y admxnistered compound lat -7 hr of 



engorge blood 
the mosquito 



10 in 
homogenates . 



naive monkeys upon 



.'••ive shown^fiar -> i r m /, ^ 

— „ at +2 ; 9 k9 dose produced c — cidal - 

h „„,le at 1-00 

-festivity was observed (Table II, The e , * °' 

cycl.. in 2 ,. 96 hr . . IT> • ThS com P^tion of sporogonic 

96 hr old oocysts exposed to the action , 
10-50 mg/ , g . aCtl ° n ° f c««Pound 1 

9'-*9 dose indicates 

«poroncocidal/oocy 0t i cirt „ absence of 

««.ct on M et„ae„o globin * *» * elatl ° n to 

P., aqui l atl ° n £ ° ll0Uin9 — eo rapound or 

- — ::rr 

divided into fiv* Fourteen dogs were 

Cr oup x T ; — as detailed belou; 

^ . • Three dogs 

Primaquine @ !. 0 mg/ kg(base) x ? 
Group n : Three dogg y* 

Primaquine @ 3.0 mg/ kg(base) x ? 
Group in : Three dQgs y* 

Compound 1 # !.« mg/kg(bage) x 
Group iv ; Tnree dogg ^ ^ S . 

Compound 1 @ 3 . 75 mg/ kg(base) x ? days 

— ose soiut SUSPSnded ^ 

solution and administered orally in 10 ml " 

«he Cer followed b- s m , . V ° 1Ume - Via 

o, , ml water tQ flush cathe ^ 

as administered one- daiTv f Treatment 

' d3lly * or seven doses (day 0-6) th- h * 

:rst dose beinn r} , v0 Th# , . , ' ^ ^ ° f 

- V 0. The animals were observed for 2000 



minUt " t0M " y VOmi " in9 5 - -el— ,ro» beagle 

do 9 s on day 0, 3. 7, 13 and 25 using poCassium . oxalate . crystais 

as a„ t ico, gu U„, A11 tne estimations/tests „ ere ^ ^ 

same day o£ collection- of blood. Methaemoqlobin „ . 

the method of Evelyn and Malloy (1938 J Biol «, 

y u^jo, a. Biol. Chen, f 126, 655- 

662). The values are recorded in table V At - 

caDle v * At Primaquine 
antirelapse curative dose aaain^t- p , - 

j , agaanst P. cyno/nolga in monkeys, (Group 

*. -^^-ne mean Met- Hb values increased by 3. 7 fold on 
ay 7. There was then a graduai decnne ^ ^ 

25, but the level was sm'H o n * nj 

D . 111 2 0 fold the Pretreatment level 

-imagine administered at three tiraes the curative ^ ^ 

-3.0 m g/kg) snowed 10 . 5 £old increage corrMpondi 
day 0 value. and the elevated levele a g aln declined after 
.reagent -d were 2 . 5 f old hi g her than ^treatment values on 
aax „. compound i at curative dose .Croup IXI , ,. ai ^ /kg , only 

mar g inally, increased the Met-Hh „»i 

. C " e Met-Hb values by 1 . 7 fold on day 7 and 

sU9nt increase fold , over che pretreaCment ^ ^ 

-e "et-Hb level on day 7 increased by 3. 2 fold and the vaXues 
aeclined to i « ^ 

1.8 fold of pretreatment values on day 25 The 

vehicle control g rou P (gr oup v, showed mar g inal fluctuation of 
"«-Hb level within thm normal Um . ts 

Thus on day 7 a t the curative dose leve!. Me t-Hb formation 
2.1 fo ld l« r wich test compound as compared to primaquine 
at three times the therapeutic dose. the „et-„b 
formation with the te^ compound was 3 . S fold lower as compared 

Table -IV : Methaemoglobin levels • 

y oxn levels (g%) ln Beagle dogs after 



treatment with 



"imaquine and compound- 1 



Group Treatment 




2 . 



5 - Control 



~rr^ k9 °— 3 o.as i0 . 13 2 . 39i0 . 23 7^77^; 
Pri rT-; kg —.o, , 94±0 . 33 7 . 81±1 . 48 5 5l±i o3 i iw 
co T^ g °-"--» o. 89+ „. 29 , H±B . 0T x 26+o is 



_J.O -9 /fcB »-««±0.09 0. 16±0 . 09 0.74 ± 0. 01 0..S...0.M 0. 83± „. 

Da£ 13 "- S ?* I* ° f dru 9 treatment Da 77 7~I ~ 



Reduced Glutftiione (nq*n „ tr " 

(GSH) in Human Erythrocytes 

Drug induced haemolysis PA ■ 

' 13 3 se ^ous complication in persons 

deficient in G-6-PD onzvmp tu ~ 

" ' °£ reduced 9 lutathione 

- e lytl ,_ yt e s control the lml of oxid 

™ tes - The ~ f °- — — — of GSH 
r c :.i;;; d T,,e ievei ° f ~ - 

incubation with Po a nH ~ 

wj.cn and compound 1 and re<3nli-o , 
. results are mentioned in 

3PO, S c reening tesc and con£irmed by enzyme Ms ^ ^ 

r sed wood sampies — — d «~ — — dual and 

« tri£ugation . che packed cells Kere „ aahed chree . 
- co ld saline . 0ne ml aliguocs ^ washed ceus 
n h different concentratiQns ^ drugs ranging £rom 

u 9/ml base of pQ diphosphate and equjvaient doses 

U25 r " "- 5 <* ! in . uatec bach at 37Cc 

the method of Bentler et- a i r T 

entier et al . [Improved Method for the 

ir::r: on o£ bi °°* gi — - *• ~.. „. , 82 . 



833 (1963)] 
Results 



Mean e rythrocyte GSH leveis in che controls (w , thout 
-e . lgnlttcantly lQwer in G _ 6 . pD . de£icient ^^^^ 

"■5^.86 mg% ) as Cr3mpared tQ normals ^ ^ 4 ^ ^ 

erychl ,, cytos exposed to di££erenc doses Qf po shQ ^ 

a fall ln os„ , wls . which reached staciscicaJ sign£icance ac 

concentration in / t 

, ■ Wn " eas the ••■» incubated with compound 

i snowed sicnif icanr decreet** i r, r-cu n , ' 

-crease m GSH levels only at concentration 



31.25 A^g/ml^able V). # 

At concentration of 2S „ 9 / m l and 50 f 
equivalent doses of compound ! ln G . 6 . PD _ . f PQ 

the decrease in GSH 1 , -^dent erythrocytes. 

level „ as statistical si 9 „if icant (P<0 001) 

- cow ""en CSH level co m pared to CSH le ve ls in the' 

However. che decrese . the «ntrols. 

ecrese ln PQ treated erythrocytes was 
pronounce as compared to compound I treated 

^e hioher safety Mrgin of the ne ^ ^ 

am or the new compound. 

Percentage decrease in r<?H i« -, 
no»! and G - 6 . PD def . . ^ ^ d ln 

" C «^ hr °cytes treated „i th PO M 
compared to compound 1 static- 

Observed at co 8t "" tlC « ll >' ^"cant decreases were 

at concentrations of 25 „ g/ml and 50 

compared to MS/ 1 or p Q as 

f ^ea to the equxvalent doses of i-«o>. 

and G-6-pn d(3f - . St Com P ound in both normal > 

6 PD deficient erythrocytes rr.m „ 

/i-iuocyces (Table V and VI) 

™*. V = CS„ le ve la in _ ^ ^ - : 

ot primaquine , eB 

ne and equivalent doses of 

s of compound- 1 



Primaquine 



Dose 
(^g/ml) 



Control 
(No drug) 

1 . 00 
5 . 00 
10.00 
25.00 
50.00 



GSH (mg%) 
Mean +SE 



49.91 +4.49 



43.50 + 5.70 
39.00 + 6.16 
29. 67- + 6.49 
19-42 + 2.83 
10.37 + 1.57 



Compound- 1 
Dose (/ig/ml) 



GSH (mg%) 
Mean + SE 



Control (no drug) 49.91 .+__4.49 



1 .25 
6.25 
12.50 
31.25 
62.50 



Companion of e'iu ; -/ a ic^-j 

* P<0.05** P< 0 . 0 r nC a ° Ses of ^'"pound-l with' 



44.08 .+5.80 
42.50 + 5.85 
38 .25 + 5 . 68 
31.00 + 5.15* 
32 . 75 ..+ 5.39** 

primaquine 



Table VI : GSH levels in r * nn ^ * . f! 

dM - »< P*i-.«»i« ^s^^sns'- dif£ „. nt | 

. 3 of compound- 

D • ' ~ W 

Primaquine ~ 

? OS< ! . 4 GSH (mg%) 

(A-g/nu) Mean +SE 



Concrc 1 
(No drug) 

1 . 0 
5 . 0 
10 . 00 
25 . 00 
50 . 00 



29.50 ±1.86 



25-75 + .2.17 

19-17 ± 1.50 

14 . 83 + 1.89 

10.50 + 1.52 

9.00 + 1.94 



Compound 1 

Dose (/iq/mi) GSH ,W, N 

u °n I nig*) f.-,' 

Mean +SE ! 



Control (no drug) 29.50 ± i.g 6 



1 .25 
6.25 
12 .50 
31.25 
62 .50 



26.04 + 2.20 

23;42 + i. 66 

20.00 + 1.73 

17.17 + 1.81* 

16 . 62 + 1 . 84** 



P<0.05. Caparison of compound 1 „ ich primaquine 



WE CLAIM 

-.Ure of primaquine, 'i^rivativp of e 

S ° f the formula l- shown below with 

wati hnving gametocytocidal activity and 

-° W ZOXici ^ use as transmission blocker. 

Me<X 





CH;-CH-CH 2 -CH 2 -CH 2 -N' 

1 o-^o- 

2. Use of primaquine derivative as cl^im^ ■ -> • 

aS claim ed in claim 1 for facili- 
tating controlled delivery of amino drugs. 

- Us e of Primaquine derivative ^ ^ ciaim i giQw 

-tabolic degradation through the side chain modification 
«• ^e of Primaquine derivative of formula x with enaminone 
functional group providing resistance towards hydrolytic cleavage 
at acidic pH as compared to the plain enamine . 

5- Use of primaquine derivative as claimed in claim 1 having 
enhanced lipophilic character to facilitate better- penetration in 
the tissue especially in the liver where hypnozoites reside 
*, Use of primaquine derivative as claimed in claim ! having high 
therapeutic index ratio in terms of methaemoglobimia formation 
■>• Use of primaquine derivative as claimed in claim ^ which 
causes the oxidation of glutathione (GSH) to the lesser extent 
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